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Immunoglobulins are normal components of the human body with the main role in the immune defense. Children with primary immunodeficiency have little or no antibodies and lifelong routine replacement therapy is the only effective treatment which represents the gold standard in treatment. The purpose of this therapy is to prevent acute infections and reduce complications resulting from infection. A nurse equipped with knowledge and competences is an indispensable link in the safe and quality administration of immunotherapy and in providing immediate psychological support to the child and the entire family. Nurses administer 90% of all intravenous immunoglobulin therapy transfusions according to the provisions of the physician.
The paper presents findings of a research study into nurse´s perceptions about the Immunoglobulin replacement therapy. This paper represents nursing guidelines before, during and after administering intravenous immunoglobulin in children with primary immunodeficiency disease.
Intravenous Immunoglobulin
Replacement Therapy in Children with Primary Immunodeficiency Diseases: A Nurse's Guide at times mask many of the common symptoms and signs of infection (4) . Due to the weakness of the immune system, changes in skin and mucous membranes are commonly reported (e.g., eczema, warts, abscesses, pyoderma, oral and esophageal ulceration, and periodontitis). After thoroughly reviewing a patient's medical history, undergoing a physical examination and taking blood tests, a final confirmation of diagnosis is possible based on the results of immunological and genetic tests.
Given that recurrent infections are the main problem, several specific types of therapy are available for children with a primary immunodeficiency disease where such therapies strengthen immunity. One of these is replacement therapy for missing components of the immune system. Replacement therapy can also include IV immunoglobulin and hematopoietic stem cell transplantation.
IVIG therapy
Intravenous immunoglobulin therapy is a human antibody solution which has been used as a medical treatment for decades. However, its use has increased over the last few years due to good responses in the body when treating various diseases. As was the case with prophylaxis for measles, hepatitis and polio, the concentration of human IVIG began to be used as early as World War II. Most often, the therapy was administered only subcutaneously and intramuscularly (5) .
Immunoglobulin preparations are extracted from the serum of 1,000-60,000 voluntary healthy donors, a combination of several thousand donors depending on the manufacturer (6,7) who go through screening for possible infections such as hepatitis B, C and HIV. The WHO has published minimum standards for manufacturing IVIG preparations (7):
Introduction
Primary or congenital immunodeficiencies (PID) are caused by genetic defects which in turn interrupt the maturation and functioning of various components of the immune system. Immunodeficiency may be independent or linked to a syndrome. The diseases are usually already present in infancy and childhood and are manifested as common (recurrent) or unusual infections. They are characterized by a lack of antibodies (agammaglobulinemia), antibody deficiencies (hypoglobulinemia) and a lack of specific subclasses of immunoglobulins (normoglobulinemia). These children are immunocompromised against all opportunistic infections and are also prone to allergies and autoimmune diseases.
More than 250 PID entities have been defined to date, with the number rapidly evolving (1, 2) . This paper will review certain anecdotal evidence for indications and administration of intravenous immunoglobulin (IVIG). In additional to the review in the table further on, the adverse effects of IVIG therapy and interventions by nursing personnel is addressed.
The goal of IVIG infusion in nursing practice should be to deliver therapy safely and effectively. A nursing policy should be in place for treatment and management of all adverse reactions.
Immunodeficiency
Immunodeficiencies should be suspected as the cause of recurrent infections when atypical signs and symptoms occur (recurrent otitis media after antibiotic treatment, chronic recurrent rhinosinusitis, persistent pneumonia after adequate therapy with antibiotics), when usually accompanied by complications and resistance to treatment, or in the case of infections caused by unusual microorganisms.
Infections of the upper and lower respiratory tract are the most commonly reported symptoms (sinusitis, bronchitis, pneumonia), as well as gastroenteritis, but serious bacterial infections such as meningitis may also occur. Immunodeficiency should be suspected in infants or small children with chronic diarrhea and growth delay, especially when diarrhea is caused by unusual viruses such as, for example, adenoviruses (3) . Frequent use of antibiotics may Mild reactions include dizziness, headache and flashes of light in vision. Other symptoms such as fever, nausea, vomiting, joint pain and moderate back or hip pain may also occur (15, 16) . Moderate reactions include strong headaches that do not stop after the administration of analgesics, rashes with or without itching, and the exacerbation or recurred appearance of mild reactions. The most common delayed systemic reaction is persistent headache (17) .
Flu-like symptoms are the most frequent adverse effects (18) . One retrospective study showed that 14 of 16 (87.5%) patients developed flu-like symptoms during immunoglobulin administration (19) .
As with other blood products, administration of immunoglobulins may lead to serious complications such as hemolytic anemia, anaphylactic reactions (13), renal insufficiency, aseptic meningitis (11, 20) and exacerbation of all moderate reactions. Fortunately, severe side effects are rare (15, 21) . Recognizing and preventing late reactions in a timely manner requires placing the child under observation for at least 24 hours. Constant hydration and taking of fluids is necessary for maintaining normal renal function. All symptoms and signs of allergic reaction must be documented.
Some of the necessary nursing procedures are given in Table 2 .
It may take several infusions to develop a tolerable specific IVIG regimen for each patient. While all Ig products provide necessary antibody replacement, each has subtle differences and are thus not interchangeable because switching from one brand to another is one of most common causes of side effects (10) .
Adverse reactions
Although all donors are required to undergo screening, there is possibility that late complications may occur, such as more severe infections, after taking blood before seroconversion (11) .
Like any other form of treatment, the use of immunoglobulins presumes a certain risk of adverse events and side effects. The side effects of IVIG treatment relate mainly to the dosage and rate of administration. Reactions are categorized as early and late reactions based on reaction times, while the criterion for the reaction onset mechanism leads to the twofold categorization, specifically immune-related and non-immunological. Early side effects occur within 30-60 minutes after commencing administration (12, 13) , while Richter (2005) notes that hepatitis, HIV, meningoencephalitis are possible late reactions given that immunoglobulins are obtained from various volunteer blood donors (11, 14) . Side effects may be mild, moderate or life-threatening depending on the clinical condition (Table 1) . If IVIG is stored in a refrigerator, it needs to be warmed to room temperature (8) for at least 30 minutes before administration in order to minimize adverse effects. It must never be heated up in a microwave or in any other way as the protein may become denatured (8) . Importantly, vigorous mixing is prohibited. All products should be inspected for the presence of particulates before pooling, and products with broken seals should not be used.
Education and moral support for the child and parents is very important. After a detailed medical history, physical examination and measurements Depending on the indication, doses are determined according to the child's body weight and the laboratory findings pertaining to immunoglobulin. Therapy is repeated at regular intervals every 3 to 4 weeks (17), and it takes 3 to 6 months to achieve balance after the beginning of therapy.
The most common side effects are expected during the first administration of intravenous immunoglobulins (21, 22) . The rate of infusion is determined by ml/ kg per hour. Infusion rates are usually started at 0.01-0.02 ml/kg/min and increased up to 0.1 ml/kg/ min (23) .
Nursing interventions during first IVIG administration
Intravenous immunoglobulins are administered to children under hospital conditions in a strictly controlled environment, respecting all the rules for asepsis, and based on the physician's written order. Nurses administer the majority of immunoglobulin, in 90% of the cases (18) . Prior to each IVIG administration, the nurse must be familiar with the specif- The infusion should be stopped immediately.
In case of anaphylactic reactions administer adrenaline according to a clearly defined protocol
In line with ERC guidelines, adrenaline must be administered intramuscularly in the anteromedial part of the upper leg as it maximizes absorption. Use of intravenous adrenaline should be performed only by physicians who are trained in administering vasopressors. Oxygenation and IV fluid replacement Continuous patient monitoring is important during the three weeks following the last administration. Importantly, a child should be continually monitored if the last dose was administered more than 6 weeks ago (11) , and if the infusion is administered from a new producer or if a higher dose is prescribed. For children, the best practice is not to change products once a particular brand has been commenced (14) .
Nursing interventions after completing therapy
Physicians most frequently prescribe 0.9% NaCl infusion to flushthe infusion line after the administration of immunoglobulin. If at the site of the intravenous cannula there is no redness, edema and other inflammation signs, the cannula can be left until completing the observation. Conversely, the nurse must remove the cannula and treat the inflamed IV site according to the protocol provided by the institution. In this case, the cannula is to be placed in another position, preferably on the opposite extremity. The exact time of terminating infusion is noted in patient documentation along with all vital baseline parameters and description of the child's condition.
After the infusion administration, nurse must provide patient/family education before discharge, regarding symptom management and appropriate actions for symptom severity. It is also necessary to inform the patient about the next arrival date, respecting the protocol of the drug administration.
Psychological support for families
In comparison with healthy children and adults, patients with PID experience measurably lower general health along with higher hospitalization rates and restrictions to physical, school, and social activities (28) .
When a child is diagnosed with PID, often each member of the family has many questions. The whole family must come to terms with the illness and perhaps make major changes in schedules and priorities. Parents are often faced with many challenges, difficulties and decisions that other parents will never have to face.
One of the most important things for the whole family is to provide accurate age-appropriate information and explain everything about the diagnosis, therapy and solutions. A child's understanding of their PID of vital functions, the child is placed in a bed on a ward equipped with a central oxygen supply. Given that administration, depending on the dose, lasts for several hours, the child should be pleasantly accommodated and wear comfortable clothing prior to commencing the treatment. Premedication is most often not necessary (8) but is usually given if there has been a recent adverse reaction (14) .
Before using IVIG, it is necessary to check the correctness of the drug packaging, the name and expiration date, manner of administering and the concentration based on the instructions and compare them with the physician's written order. If the child is to receive a number of bottles, the starting time for administration and sequential position of the dose in the overall order of doses should be written on each bottle. To maintain records on the temperature list, the name and lot number of the drug should be documented, and the empty vials are to be kept for 24 hours after administering.
When the drugs are administered, emergency equipment including adrenalin (1:1000) must be readily available for life support purposes, and in case of an anaphylactic reaction (26) .
Visual monitoring and baseline vital function monitoring is necessary during the first 30-60 minutes from commencing administration because most of the early side effects occur in that period. Subsequently, vital signs are measured every 60 minutes and this is obligatory before each new dose. All parameters in children should be constantly monitored and a skin examination for rash and urticaria should be performed periodically, as well as other symptoms and signs that may indicate unwanted reactions. Every change in normal vital signs should be recorded. An adverse reaction to administered immunoglobulin may also be related to infusion rate, and it is also important to comply with speed-related guidelines. A nurse records the intake and the amount of fluid, while encouraging the child to take as much fluid as possible to prevent renal complications (8, 27) .
Nursing interventions during recurrent infusion
Infusion of immunoglobulins is repeated at regular intervals every 3-4 weeks (8) . During re-hospitalization, information should also be collected on previous use, possible complications (fatigue, headaches, nausea) and dosage toleration, including infection data depends on their cognitive development. Speaking with a child contributes to a sense of security and establishes trust between the nurse and child.
Some of the emotions that parents encounter are anger, guilt, embarrassment, sadness, loneliness, fear and confusion. Other feelings such as worry, stress and problems with sleep or appetite, a sense of loss and even a sense of relief are common.
Nurses must inform patients about the organizations that are raising the awareness of PID and offer support to individuals and families. Constant education of family and providing support are two of the most important roles due to the constant presence of fear and anxiety. Counselling sessions and mutual support groups are often the most appropriate forms of help where formal and informal caregivers are assisted in managing stress.
Conclusion
Primary immunodeficiency is not a rare occurrence; however, the real incidence and prevalence remains unknown until new screening tests for neonates are introduced. Today, frequent and recurrent infections are the usual signs of suspecting PID, and subsequently only tests designed for the final diagnosis. Occasionally, suspicions concerning the onset of the disease may take place earlier if a positive family history exists. An early diagnosis leads to timely treatment, disease prevention and better quality of life. To prevent frequent opportunistic infections, children with primary immunodeficiency diagnosis receive infusions of immunoglobulins at regular intervals in controlled conditions in a hospital environment, where nurses administer 90% of all IVIG transfusions in line with the physician's order. It is of utmost importance that nurses are educated about the type of immunoglobulin, the manner and rates of administration, possible complications and side effects, and that they are trained for timely response in such instances. Treating with immunoglobulin preparations is a demanding process in which all participants have an important role, starting with blood donors whose blood is processed in specialized transfusion facilities all the way up the chain to the child as the lifelong end user.
